Abstract. Common single nucleotide polymorphisms (SNPs) in precursor microRNAs may change their properties via altering the expression of miRNAs, resulting in diverse functional consequences. The present study evaluated the effects of four common SNPs in pro-miRNAs on the risk of inflammatory bowel disease (IBD) and IBD-associated colorectal cancer (IBD-CRC). In a hospital based case-control investigation in a Chinese population, 468 patients with IBD and 450 age-and gender-matched healthy subjects were enrolled in the present study. The SNPs were genotyped using a polymerase chain reaction (PCR)-restriction fragment length polymorphism technique. The expression levels of the miRNAs were detected by reverse transcription-PCR. For rs2910164, the risk of IBD was significantly increased in the GC and CC genotypes. The mean expression levels of mir-146a in the CC and GC genotypes were lower, compared with that of the GG genotype. For rs2292832, an increased risk of IBD was detected in the recessive model of the TT genotype, compared with the combination of the CT and CC genotypes. The [T] allele was found to be at increased significantly, with a 1.268-fold increased risk of IBD, compared with the [C] allele. The mean expression levele of mir-149 expression level in the TT genotype was lower, compared with that of the CC genotype. For rs11614913, the risk of IBD-CRC was significantly increased in the CC genotype, compared with the TT genotype. In the dominant model, the CC genotype had a high risk of IBD-CRC, compared with the combination of the CT and TT genotypes. These findings suggested that mir-146a rs2910164 and mir-149 rs2292832 may be associated with the increased risk of IBD via alterations in the expression levels of miRNAs. Therefore, mir-196a rs11614913 may contribute to the progression of IBD-CRC.
Introduction
MicroRNAs (miRNAs) are small (~22 nucleotide), endogenous, non-coding RNAs, which downregulate expression via complimentary binding to the 3'-untranslated region of target messenger (m)RNAs, thereby repressing translation or decreasing mRNA stability (1) . In previous years, >1,000 miRNAs have been identified in the human genome, which regulate 30% human genes (2, 3) . Increasing evidence has indicated that miRNAs are important in the development of several human diseases, predominantly by targeting genes, which are key regulators of cell proliferation, differentiation and survival, DNA repair and the immune response (4).
Crohn's disease (CD) and ulcerative colitis (UC) are the two predominant types of idiopathic inflammatory bowel disease (IBD). IBD is a gastrointestinal chronic inflammatory disorder, which has been empirically defined by clinical, pathological, endoscopic and radiological features (5) . The worldwide prevalence rate is as high as 39.6/100,000 individuals, the incidence rate for CD varies between 0.1 and 16/100,000 individuals and for UC between 0.5 and 24.5. One of the most serious complications faced by patients with IBD is the potential development of colorectal cancer (CRC). Although IBD-associated CRC (IBD-CRC) accounts for only 1-2% of all cases of CRC, IBD with colon involvement is among the top three high-risk conditions for CRC (6) . IBD is considered to arise in genetically susceptible individuals as a consequence of a dysregulated immune response, and involves complex pathophysiological mechanisms (7) . Previous evidence indicates that genetic factors are important in the pathogenesis of IBD (8, 9) , thus genetic risk factors predisposing individuals to IBD remain to be fully elucidated.
The differential expression of miRNA is described in multiple autoimmune-associated disorders, including rheumatoid arthritis, lupus, psoriasis and asthma (10) (11) (12) . It has been reported that there are changes in the expression levels of miRNA in epithelial cells of patients with active UC and CD, compared with healthy controls, as well as in the progression from normal colonic tissue to dysplastic tissue in patients with IBD (13) . It is well demonstrated that single nucleotide polymorphisms (SNPs) or mutations in miRNAs sequence may alter the expression of miRNAs (14) . In addition, several studies have been performed to investigate the association between SNPs in miRNAs and susceptibility to CRC (15, 16) . Previous studies have shown that four common polymorphisms (rs2910164, rs11614913, rs3746444 and rs2292832) in pre-miRNAs (mir-146a, mir-196a, mir-499 and mir-149, respectively) are associated with an increased risk for several diseases, including CRC (16) (17) (18) . The present study involved performing a case-control investigation to elucidate the association of these polymorphisms with the risk of the occurrence of IBD, and its progression to IBD-CRC. The results of this study may indicate markers for the occurrence of IBD and the risk of progression to IBD-CRC; this would help physicians identify and treat patients earlier. DNA extraction. Whole blood samples (~2 ml) from the patients and controls were collected and stored in Vacutainer tubes (BD Biosciences, Fanklin Lakes, NJ, USA), which contained the anticoagulant EDTA. Genomic DNA was extracted from the peripheral whole blood using a Qiagen Blood kit (Qiagen, Chatsworth, CA, USA), according to the manufacturer's protocol, and stored at -20˚C until use.
Materials and methods

Patient
Genotyping. The genotypes were determined using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis. The primers (Beijing Genomics Institute, Beijing, China) and restriction endonucleases (New England Biolabs, Ipswich, MA, USA) used are summarized in Table I . The PCR reactions were performed using an AmpliTaq Gold PCR kit (Applied Biosystems, Foster City, CA, USA) in a total volume of 25 µl, containing 1X PCR buffer, 0.2 mM dNTPs, 1 mM MgCl 2 , 50 pmol of each primer, 20 ng genomic DNA and 1 unit of Ampli-Taq Glod DNA polymerase (Applied Biosystems, Foster City, CA, USA). The PCR parameters were as follows: 95˚C for 5 min, followed by 35 cycles of 95˚C for 30 sec, 30 sec at 58˚C for rs2910164, 30 sec at 60˚C for rs11614913 and 30 sec at 67˚C for rs3746444, 30 sec at 62˚C for rs2292832 and 30 sec at 72˚C, with a final elongation step at 72˚C for 10 min. Following PCR amplification, the products were digested overnight with specific restriction endonuclease at 37˚C. The digested products were electrophoresed on 3% agarose gels (Agarose bead Technologies, Madrid, Spain). Alpha Gel Imaging Systems (Alpha Inotech, Corporation, Santa Clara, CA, USA) was used to detect the electrophoresis results. The products of the genotyping assays are presented in Table I .
Quality control. For quality control purposes, 10% of the samples were randomly selected and sequence analysis was performed, with 100% concordance to the genotype, by PCR-RFLP. .448, P= 0.504), providing no evidence of population stratification within the dataset. There were statistically significant differences between the frequencies of rs2910164 and rs2292832 genotypes between the IBD group and the healthy controls (χ 2 =11.306, df=2.0, P=0.004 and χ 2 =7.957, df=2.0, P=0.032, respectively). In order to assess whether the risk of IBD was associated with the genotype of the miRNA SNPs, logistic regression analysis was performed. Table III , statistically significant differences were found in mir-146a rs2910164 and mir-149 rs2292832 between the control and IBD groups. For rs2910164 in mir-146a, logistic regression analysis revealed that the risk of IBD was significantly increased in the GC genotype (OR=1.743, 95% CI=1.202-2.525, P=0.003) and CC genotype (OR=1.875, 95% CI=1.276-2.756, P=0.001), compared with the GG genotype. In addition, a similar trend of increased risk of IBD was detected in the recessive model, in which the GC and CC genotypes were combined (OR=1.799, 95% CI=1.269-2.551, P=0.001). The [C] allele was found to be associated with a significant 1.322-fold increased risk of IBD (OR=1.322, 95% CI=1.096-1.593, P=0.003), compared with the [G] allele, indicating that individuals carrying the G allele may have significantly increased IBD susceptibility. For rs2292832 in mir-149, an increased risk of IBD was detected in the recessive model in the TT genotype (OR=1.305, 95% CI=1.006-1.693, P=0.045), compared with the combination of the CT and CC genotypes. The [T] allele was found to be at a significant 1.268-fold increased risk of IBD (OR=1.268, 95% CI=1.035-1.555, P=0.022), compared with the [C] allele. These data showed that individuals carrying the T allele may have significantly increased IBD susceptibility. However, no associations were found between mir-196a rs11614913 or mir-499 rs3746444 and the risk of IBD in the allelic or genotypic analyses.
Genotypic distribution in patients and controls Patients with IBD. As shown in
Patients with CD and controls. As shown in Table III , a statistically significant difference in mir-146a rs2910164 was found between the controls and patients with CD. Association between the clinical data and mir-146a rs2910164 and mir-149 rs2292832 polymorphisms. To establish whether the investigated SNPs were associated with specific disease phenotype, the present study analyzed the association of genotypes with gender, location of CD, behavior of CD, extent of UC, severity of UC and smoking habits. As shown in Table IV , no statistically significant differences were found between the clinical characteristics and the mir-146a rs2910164 and mir-149 rs2292832 polymorphisms (P>0.05).
Association between miRNA polymorphism and miRNA expression levels. To further investigate the functional relevance of the miRNA polymorphisms, the present study compared between the genotypes and the expression levels of mir-146a and mir-149 (10 patients for each genotype). As shown in Fig. 1 , the mean expression level of mir-146a in the CC and GC genotypes were lower, compared with that of the GG genotype (P=0.000 and P=0.003, respectively). The mean expression level of mir-149 in the TT genotype was lower, compared with that in the CC genotype (P=0.010).
Association between mir-RNAs polymorphisms and the risk of IBD-CRC.
Among the patients with IBD enrolled in the present study, 42 patients, including 12 patients with CD and 30 patients with UC, developed IBD-CRC. The male:female ratio was 1.33 [24: 18 patients]. The mean age of diagnosis with IBD-CRC was 48.2±8.7 years, the mean duration between age at diagnosed of IBD and age at diagnosis with IBD-CRC was 22.7±10.1 years. In order to identify the association Crohn's disease (n=227)
Ulcerative coltits (n=241) 
Control Inflammatory bowel disease (n=468)
Crohn's disease ( (n=227) Table IV . Correlation between mir-146a rs2910164 and mir-149 rs2292832, and clinical characteristics in patients with CD and UC.
Ulcerative colitis (n=241) (n=450) -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
mir-146a rs2910164 mir-149 rs2292832 -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------CD (n=227)
UC (n=241) CD (n=227) UC (n=241) -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Characteristic GG (n=30) GC (n=112) CC (n=85) GG (n=32) GC (n=113) CC (n=96) CC (n=22) CT (n=84) TT (n=121) CC (n=17) CT (n=80) TT (n=144)
Gender, n (%) Male between mirRNA polymorphisms and the risk of IBD-CRC, the present study performed analyses among the patients with IBD-CRC, 100 gender-and age-matched healthy individuals, and 100 patients with IBD, whose gender ratio, age and follow-up duration were matched with those of the patients with IBD-CRC. As shown in 
Discussion
The present study involved two innovative aspects. First, it was the first investigation, to the best of our knowledge, of the effects of four common polymorphisms (rs2910164, rs11614913, rs3746444 and rs2292832) in pre-miRNAs mir-146a, mir-196a, mir-499 and mir-149, respectively, on the risk of occurrence of IBD. The results revealed statistically significant differences in mir-146a rs2910164 and mir-149 rs2292832 between the healthy control and IBD groups, and the SNPs in mir-146a and mir-149 decreased the expression levels of mature miRNA. Second, the association between these polymorphisms with the risk of IBD-CRC was examined, which revealed that mir-196a rs11614913 may be associated with the risk of IBD-CRC. miRNAs are a class of endogenous, small, single-stranded, non-coding RNAs, which have emerged as key regulators of fundamental biological processes, including cell proliferation and differentiation, DNA repair and the immune response, via controlling the expression levels of >30% of human genes (22) . miRNAs are initially transcribed as pri-miRNAs with several hundred nucleotides, which are further cleaved by nuclear Drosha into 60-70 nucleotide hairpin-structured pre-miRNAs. Pre-miRNAs are exported to the cytoplasm by Exportin-5 and are further processed into mature miRNAs. Mature miRNAs consist of ~22 nucleotides (1) . To date, >1,000 miRNAs have been detected in humans, each of which may regulate multiple genes (23) . Physiologically, miRNAs act as post-transcriptional regulators by complimentary binding to the 3' untranslated regions of target messenger RNA transcripts, leading to mRNA degradation or translational repression, and consequently to the downregulation of protein expression (2, 20) . miRNAs are considered to be key in the regulation of several biological processes, as well as in the induction of inflammatory and autoimmune diseases (24, 25) . Genetic mutations located with its mature sequence or within the 'seed' region may alter its normal function, leading to a pathological process. In previous years, several studies have indicated that polymorphisms in miRNA are associated with a number of diseases (16, 18) . Therefore, the present study hypothesized that there is an association between the four common polymorphisms in pri-miRNAs and the risk of IBD and potentially IBD-CRC.
In the present study, statistically significant differences were found in mir-146a rs2910164 and mir-149 rs2292832 between the control and IBD groups. For rs2910164 in mir-146a, the risk of IBD was significantly increased in the GC and CC genotypes, compared with the GG genotype. A similar trend of increased risk of IBD was detected in the recessive model, the [C] allele was found to be at a significant 1.322-fold increased risk of IBD, compared with the [G] allele, indicating that individuals carrying the G allele may have significantly increased IBD susceptibility. In addition, the patients with IBD with the CC or GC genotypes showed lower expression levels of mir-146a in the PBMCs, compared with those with the GG genotype. Previous studies have shown that miRNAs are important in the development of cells of the innate and adaptive immune system, and in regulating an immune response (26) . Macrophages and dendritic cells recognize pathogens via pattern recognition receptors, among which Toll-like receptors (TLR) lead to downstream activation of signal transduction pathways and the regulation of inflammatory cytokines (27) . The expression of mir-146a can be induced by exposure to lipopolysaccharide, peptidoglycan and flagellin trough TLR ligands (13) . Of note, mir-146a is known to be a nuclear factor (NF)κB-dependent gene and reduces the expression of TNF-receptor-associated factor-6 and IL-1 receptor (ILR) associated kinase-1, which are two target genes of the TLR signaling cascade, thus prevent excess inflammation (28) . Therefore, the [C] allele-associated reduced expression of mir-146a may affect the negative feedback signaling pathway and contribute to the enhancement of inflammation, which may be associated with the high risk of IBD. In the present study, a difference in the genotypic distribution of mir-149 A previous study reported that mir-149 negatively regulates ILR-triggered inflammatory cytokine production, possibly through a mechanism directly targeting MyD88, involved in the TLR/NF-κB pathway (29) , thus lower expression levels of mir-149 decrease the negative regulation of ILR-triggered inflammation.
The present study also analyzed the association between the miRNA SNPs and the risk of IBD-CRC. In comparing between the healthy controls and patients with IBD-CRC, the data showed that, in mir-196a rs11614913, the risk of IBD-CRC was significantly increased in the CC genotype (OR=2.887, 95% CI=1.054-7.908, P=0.039), compared with the TT genotype. In the dominant model, individuals with the CC genotype had a high risk of IBD-CRC (OR=2.625, 95% CI=1.139-6.051, P=0.024), compared with the combination of the CT and TT genotypes. The [C] allele may be associated with a high risk of IBD-CRC (OR=1.706, 95% CI=1.021-2.852, P=0.041). The analysis between the IBD-case controls and patients with IBD-CRC indicated that the CC genotype had a 2.278-fold increased risk of IBD-CRC (OR=2.278, 95% CI=1.004-5.170, P=0.049), compared with the combination of CT and TT genotypes. Several previous studies have suggested that the mir-149 rs2292832 polymorphism is associated with a significantly increased susceptibility of CRC in the TT genotype, compared with the TC and TC/CC genotypes (30). Xu et al (31) demonstrated that mir-149 is epigenetically silenced in CRC, and the downregulation of mir-149 is associated with hypermethylation of the neighboring CpG island. mRNA for Specificity protein 1, a potential oncogenic protein, was also identified as a target of mir-149. In addition, it has been reported that the target genes of mir-149, Akt 1 and E2F1, are involved in promoting cell growth and cell cycle progression (31) (32) (33) . Thus, the present study hypothesized that there was an association between the mir-149 rs2292832 polymorphism and the risk of IBD-CRC.
In conclusion, the results of the present study suggested that mir-146a rs2910164 and mir-149 rs2292832 were associated with an increased risk of IBD in the Chinese population examined. In addition, an association was identifed between mir-196a rs11614913 and the risk of progression of IBD-CRC. As the number of patients with IBD-CRC was limited in the present study, a large sample size is required for further investigation. Based on the results in the current study, in clinical practice, testing for pre-miRNAs polymorphisms may help predict the occurrence of IBD and IBD-CRC, which would help physicians to make early measures for patients. For example, for patients with IBD and the CC genotype in mir-149 rs2292832, regular colonoscopy is necessary to detect early stages of pre-cancerous lesions.
